This paper presents the interaction relationships between Tetrafluoromethane (CF 4 ) gas, Oxygen (O 2 ) gas, and RF power in response to the surface roughness of an Aluminium deposited wafer after being etched using Reactive Ion Etching (RIE). The investigation was done using the three factors full factorial design of experiment (DOE). Analysis was done qualitatively by plotting the main interaction plots. The results suggest that strong interactions are present between CF 4 and RF power, CF 4 and O 2 , and also O 2 and RF power due to the intersection of the graphs. This implies that all three factors have interaction between each other towards the surface roughness on the deposited Aluminium after RIE.
Introduction
Surface roughest play an important role for bond adhesion to the metallization in wire bonding [1] . For quite a long period of the, the critical to function parameters for wire bonding are bonding time, binding force, ultrasonic power, and bonding temperature [2] . However, since the size of devises are getting smaller and smaller, surface roughness can play and important role and thus believed to enhance the bonding quality [3] . Reactive Ion Etching (RIE) is a technique for removing material from the wafer surface with both a reactive chemical process and a physical process using ion bombardment [4] . The non uniform surface resulted from the ion bombardment will bring forth a certain roughness to the surface [5] . If these deviations are large, the surface is rough; if they are small the surface is smooth.
Zhiguang G. stated that treatment time is directly proportional to the surface roughness [13]. In the research, the formation and structure of superhydrophobic surfaces were characterized by means of SEM, water contact angle measurement, and Fourier transform infrared spectroscopy, Xray diffraction and X-ray photoelectron spectroscopy. The effects of surface roughness resulted from the etching time, and the concentration of NaOH aqueous solution on the super hydrophobic of the surfaces have been discussed in detail. The optimal surface roughness of starting material is about 0.05-0.5 µm and the resulting surface roughness should be controlled between 2.7 and 5.8 µm in order to realize the super hydrophobic on aluminum alloy; if the concentration of NaOH aqueous solution is about 4 wt%, the best treatment time is between 2 and 4 h to form a surface roughness changing from 2.7 to 5.8 µm. The trapped air with the binary structure plays a key role in fabricating superhydrophobic surface on aluminum alloy.
Since there is minimal work done on the interaction relationships between factors towards the surface roughness quality on Aluminium deposited wafer after Reactive Ion Etching (RIE), therefore, this study aimed to scrutinize the main effects interaction relationship of the parameters that affect the surface roughness of an Aluminium deposited wafer after Reactive Ion Etching (RIE) process. The three controllable factors in this study were composition of CF 4 gas, composition of O 2 gas, and RF power. Time is remained constant so that since it is directly proportional to the surface roughness.
Methodology
Firstly, the samples used in this investigation were prepared from blank six inch wafers. The silicon wafer was first diced into smaller samples for experimental purpose. Next, the wafer surface was cleaned using the Piranha solution. Piranha solution is a mixture of sulfuric acid, H 2 SO 4 and hydrogen peroxide, H 2 O 2 used to clean organic residues off substrates. Piranha was chosen because it is a strong oxidizer and has the ability to remove most organic matter especially oxide. Approximately 300 Angstrom (Å) thickness of Aluminium was deposited onto the active side of the wafer by using the sputtering technique. After that, the samples were ready for etching process using ICP-RIE.For the purpose of removing Aluminium, two types of gaseous are used which are CF 4 gas and O 2 gas are used.
A design matrix was designed using full factorial design of experiment (DOE) with three factors and one response. The set of experimental combinations systematically study the variables that influence the quality of the surface roughness. Table 1 shows the list of variables in the experiment and the values for the low and high levels represented by -1 and +1. A total of eight experiments were carried out in this study. Varied values of CF 4 gas, O 2 gas, and RF power were chosen as the experimental parameters while the response will be the surface roughness. Time is fixed at 65 seconds. Next, the samples were analysed under the Atomic Force Microscopy (AFM) to measure the surface roughness.
Result and Discussion
The main purpose of this study is to find the interaction relationships between the process parameters and the surface roughness quality. Table 2 presents the coded design matrix of DOE together with the surface roughness values for each experiment obtained through AFM. In order to visualize the effects, the interaction plot was plotted. Interaction plot calculates the joint influence of two or more factors on the response [6] .The interaction effect between two factors are computed using the following equation:
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Interaction effect between two factors = 1 / 2 [effect of first factor on response at high level of second factor -effect of first factor on response at low level of second factor] or vice-versa (1) From the graphs in Figure. 1, all three graphs in (a), (b) and (c) intersects at a certain point. According to [7] , interaction is present when both graphs intersect or when the two lines are not in parallel position but do not intersect. However, if the two lines are parallel, parallel lines show that the interaction between the two factors did not exist. It can be said that strong interaction between CF 4 gas and O 2 gas is present. The same can be said for the other two combinations. Interaction relationships analysis does not calculate the degree of the interaction but signifies whether interaction between two factors is present or does not exist. 
Conclusion
This study analysed the interaction relationships between different controllable process factors on the surface roughness quality after plasma using Reactive Ion Etching (RIE) on an Aluminium deposited wafer. The three parameters investigated were the composition of CF 4 gas, composition of O 2 gas, and RF power. DOE was employed to obtain the data results. The results were analysed through the main effects interaction plots. The results suggest that strong interactions are present between CF 4 and RF power, CF 4 and O 2 , and also O 2 and RF power due to the intersection of the graphs. This implies that all three factors have interaction between each other towards the surface roughness on the deposited Aluminium after RIE. Therefore, the main effects interaction analysis enables understanding of relationships between factors that effects a responce. 
